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Abstract. - The possibility for an appreciable many-body contribution to the electron-phonon 
interaction (EPI) in Fe-pnictides is discussed in the model where EPI is due to the electronic 
polarization of As- ions. The polarization induced EPIpoi potential Vep is large for vibrations of 
the As-ions and depends strongly on the As-Fe distance d, i.e. Vep ~ d^*. The EPIpoi coupling 
g^p' is much larger than the one obtained in the LDA band structure calculations, with g^p^^ 16 
eV/A) ^ gEp^^\< 1 eV/A) and the bare pairing EPIpoi coupling constant Aep,Aig ~ 1- K 
contributes significantly to the intra-band s-wave pairing and an appreciable positive As-isotope 
effect in the superconducting critical temperature is expected. In the Fe-breathing mode the linear 
(in the Fe-displacements) EPIpoi coupling vanishes, while the non-linear (quadratic) one is very 
strong. The part of the EPIpoi coupling, which is due to the "potential" energy (the Hubbard 
U) changes, is responsible for the giant magneto-elastic effects in M Fe2As2, M = Ca, Sr, Ba 
since it gives much larger contribution to the magnetic pressure than the band structure effects do. 
This mechanism is contrary to the LDA prediction where the magneto-elastic effects are due to the 
"kinetic" energy effects, i.e. the changes in the density of states by the magneto-elastic effects. The 
proposed EPIpoi is expected to be operative (and strong) in other _Fe-based superconductors with 
electronically polarizable ions such as 5*6, Te, S etc., and in high-temperature superconductors 



due to the polarizability of the O ions. 



X 



Introduction. — Recently, superconductivity (SC) 
with high critical temperature Tc was discovered in sev- 
eral families of Fe-pnictides. In the electron (e) doped 
(1111) system LaFeAsOi^^F^ one has w 26 AT 
(and 43 K at high pressure) [1]. The record values are 
'Tc « 55 A in SmFeAsOi^^F^ [2] and « 56 K in 
Sri-^Sm^FeAsF [3], etc. In the hole (h) doped (122) sys- 
tem Bao. 6 Aq. 4^62^52 One has Tc = 38 A [4]. Other fam- 
ilies are reported, such as MFeAs with M — Li, Na and 
Tc = 18 A, and the binary systems Fe(Te, Se) with Tc < 
12 A. A common phase diagram has emerged with: (i) 
the structural transition appears around Tgtr =(140—200); 
(n) the SDW-type magnetic ordering occurs at Tgdw < 
Tstr, while superconductivity appears when the SDW or- 
dering vanishes. The latter can be done either by e- or 
/i-doping or by applying high pressure. 

The important question is - what is the pairing mech- 
anism in Ae-pnictides? The vicinity of these systems to 



the antiferromagnetic phase was inspiration for spin fluc- 
tuation {SF) pairing models with repulsive interaction in 
the s-wave channel. This line of thinking was encouraged 
by the small electron-phonon coupling X^p obtained in 
the LDA band structure calculations for LaOi-xFxFeAs 



[5], with A^jf^) 



0.2 and T 



(LDA) 



1 K. However, 



this repulsive interaction in the singlet channel might 
be effective only if the coupling constant for the scat- 
tering of pairs from the hole to the electron-band - the 
hh ^ ee scattering, is much larger than the intra-band 



(repulsive) couplings, i.e. 



> A 



In that 



case the s± superconductivity is realized, where the gaps 
on the h- and e- Fermi surfaces exhibit opposite signs, 
sign{Ah) = —sign{Ae) [6]. An indirect experimental sup- 
port for s± pairing would be existence of an very pro- 
nounced resonance peak in the dynamical spin suscepti- 
bility [7] /mx(w,Q) at (w/2Ao) - 0.6 and at the SDW 
wave vector Q. The experimental situation is at present 
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unclear since in LaOo.sr-Fo.is-F'e^'S [8] this peak is not 
observed, while in [9] it is observed but not very pro- 
nounced. However, several recent NMR measurements of 
the Ti-relaxation rate in LaOi-^FxPeAs, if confirmed, 
disfavor the SF scenario. First, in [10] it is reported 
that Ti-relaxation rates on the nuclei ^^^La, ^^Fe, ^^As 
in LaOi-xFxFeAs scale with one another, in spite of dif- 
ferent form factors in the g-space. This means a lack of 
any pronounced (/-structure in Imx{ijJ, q), thus disfavoring 
the SF pairing mechanism which assume that /mx(u;,q) 
is strongly peaked at Q = (1/2, 1/2). Second, by increas- 
ing doping a; in LaFeAsOi-^F^ (0.04 < a: < 0.14) the 
Ti-relaxation rate of ^^As decreases by almost two orders 
of magnitude, while Tc is practically unchanged [11], thus 
again disfavoring the SF scenario. However, these ex- 
periments do not exclude the first order direct Coulomb 
interaction as the inter-band pairing mechanism. In or- 
der to increase Tc in a multi-band system the intra-band 
pairing should contribute positively to Tc- This may hap- 
pen if the intra-band pairing potentials are: (a) attractive 
- giving rise to a conventional s-wave pairing, or (6) re- 
pulsive and anisotropic - giving rise to an unconventional 
pairing. In the latter case the system is very sensitive 
to the presence of nonmagnetic impurities. The s± pair- 
ing is also sensitive to nonmagnetic impurities although 
in some occasions they are less detrimental than for un- 
conventional pairing. For instance, in the unitary limit 
s± is unaffected while in the Born limit these impurities 
are pair-breaking for it [12], [13]. The analysis of the re- 
sistivity p(T) [13] and the upper critical field Hc2{T) [14] 
gives evidence for appreciable impurity effects in single 
crystals of the Fe-pnictides, which disfavor any gapless 
unconventional pairing [13]. The same analysis hints that 
the attractive intra-band pairings, with Xhh,^ee > 0, are 
important in the Fe-pnictides which can be only due to 
EPI or to an excitonic mechanism [13]. 

The above results imply a reconsideration of the role of 
EPI in the Fe-pnictides. This is supported by the recent 
neutron scattering experiments where the structural prop- 
erties of the i^e-pnictides are sensitive to the magnetic or- 
der by showing giant magneto- elastic effects. For instance, 
in CaFe2As2 there is a first-order phase transition from 
the orthorhombic to the tetragonal structure under the 
pressure Pc > 0.35 GPa, while at the same time the mag- 
netic order vanishes [15]. Concerning the role of EPI in 
these materials there were recently two controversial re- 
ports: the first one on a positive and large Fe-isotope effect 
in Tc, and surprisingly also in T^dw, for the substitution 
56^g ^54 SmFeAsOi-xFx and Bai-xKxFe2As2 

with a^^' « 0.33 - 0.4 and a^^^"""^ « 0.35 - 0.4 [16]. The 
second one [17] reports, contrary to the first one, on a 

(T ) 

negative Fe-isotope effect with ap^ ~ —0.18. 

These results point to a rather strong involvement of 
EPI in magnetic, elastic and in superconducting proper- 
ties of Fe-pnictides and to the importance of many-body 
effects. In the following we discuss a possibility for a many- 
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Fig. 1: Schematic picture of the polarization of the As elec- 
tronic cloud due to charge fluctuations (n) on the Fe-ions. The 
tiny arrow on the As-ion describes the induced electronic dipole 
moment on As. 

body EPI channel in the _Fe-pnictides, which is due to 
the large electronic polarizability of the As-ions - we call 
it EPIpoi . The importance of the electronic polarizability 
of the ligands in the screening of the core electrons in the 
excitonic spectra of halides and oxides was first recognized 
and studied by the Sawatzky group in [18] and later on ap- 
plied on the Mott-Hubbard model for the screening of the 
(on-site) atomic Coulomb repulsion by the fast electronic 
polarizability processes [19] - we call it the SPS model (the 
Sawatzky polarization screening model). The SPS model 
was recently applied to the Fc-pnictidcs [20] where the rel- 
atively small Hubbard repulsion on Fe-ions was explained 
by the screening via the huge electronic polarizability of 
the As-ions. Here we argue that if the SPS model is re- 
alized in the Fe pnictides then it gives rise inevitably to: 
(i) the large EPIpoi potential Vep for vibrations of the 
As-ions (especially in the As Ai^-modes); (ii) the strong 
dependence of Vep on the As — Fe distance dAs-Fe with 
Vep ~ rf^s_^e- As the consequence, the EPIpoi coupling 
9ep{= dVep/ddAs-Fe) IS much larger than the the LDA 
values since gepi'^ 20 eV/A) > gip"^\< 1 eV/A), thus 
giving an appreciable contribution to the bare EPIpoi cou- 
pling constant Ag^ ~ 1. The latter may significantly 
contribute to the intra-band s-wave pairing, thus disfavor- 
ing any gapless unconventional intra-band pairing. In the 
case of EPIpoi an appreciable positive As-isotope effect 
in Tc is expected. Furthermore, EPIpoi may be respon- 
sible for the giant magneto-elastic effects in MFe2As2, 
M — Ca, Sr, Ba . In that sense we construct the thermo- 
dynamic potential G{Sq, s, P) as a function of the strain 
e, the SDW magnetic order parameter Sq and the pres- 
sure P by taking into account the effects of EPIpoi ■ Based 
on this, we argue that the giant magneto-elastic effects in 
MFe2As2, M = Ca, Sr, Ba are dominated by EPIpoi, 
since it gives much larger contribution to the magnetic 
pressure than that predicted by LDA [22], [23], [24]. 

EPI due to the As electronic polarizability. 

The electronic part of the Hamiltonian in the SPS model 
applied to the Fe-pnictides contains several many-body ef- 
fects, i.e. H = Ho.e + He + Hf} Hcore- Here, i?o,e is 
the kinetic energy of the conduction electrons. He their 
long-range Coulomb interaction, while the Hubbard term 
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Hjj describes the unscreened (on-site) atomic repulsion 
Uat on the Fe-ions. Score describes the (very) polarizable 
electronic cores of the As-ions. Fluctuations of charges on 
the Fe-ions create an electric field on the As-ions which in- 
duces the polarization P^g of their cores, thus lowering the 
energy of the system - see Fig.l. By eliminating the core 
degrees of freedom the part Hf^ + Hcor can be approxi- 
mated by the Hamiltonian = H^^"^^ +H^"^'^ +H^"^^ 
- see more in [18]- [20]. This is pure many-body effect and 
almost not captured by the LDA band structure calcula- 
tions. Applied to the Fe-pnictides it gives 



[pol) 



Vp(Rire)nR^e/2, 



(1) 



which rcnormalizes the local energy on the Fe-ions. 

What is important for the magnetic and magneto-elastic 
properties is tha this polarization process renormalizes 



also the Hubbard on-site repulsion giving 



(pol) 



H 



{pol) 
H 



(2) 



Rpe 



with the screened Hubbard repulsion U^^^ = Uat ~ 
VpCRpe)', R-Fe enumerates the i^e-ions. The screening 
term VpCRpe), which is due to the electronic polarizability 
of the As-ions, is given in the point charge approximation 
by [20] 

^ ir" r r 

R^.en.n.Rpe '""^^ ^^^^ 

where TLas enumerates the As-ions which arc nearest 
neighbors (n.n.) of a given Fe-ion and uas is the elec- 
tronic polarizability of the As-ion. The physical picture 
behind the term Vp{= 2Ep) is the following: the charge 
fluctuations on the neighboring Fe-ions cause local electric 
fields 'EiocAs on the As-ions, where E;oc,As polarizes the 
As electronic clouds by exciting s-p transitions as shown 
schematically on Fig.l. The induced dipole moments lower 
the energy by an amount Ep w aAs » 
to large aAs, with aAs ^ (10 

eV [20]. Since Uat < 15e V it gives < 3 eV.' Since 

Ifisc) comparable to the band-width W this means that 
the Fe-pnictides arc in a moderately correlated regime. 

The meaning of = Uat - Vp and Vp can be under- 
stood by the following analysisc [18]- [20]. The Hubbard 
repulsion U in solids is the difference between the ioniza- 
tion energy / and the electron affinity A, i.e. {7^*°-' = I— A. 
In solids the atomic ionization energy is lowered by Ep 
while the atomic electronic affinity is increased by Ep, i.e. 
(7(^c) =j_A={Iat- Ep) - {Aat + Ep) = Uat " Vp. The 
strong renormalization of Uat to is confirmed in the 

analyzis of the optical data [21], due to the large back- 
ground dielectric constant Eqc ~ 12 which gives aAs ~ 
(10 - 12) A3 and U^^"") « (1 - 2) eV. (There is also an 
additional non-local Coulomb term H'f"''^ due to the As 
polarization, which depends on Vp{TlFe) and will be not 
studied here.) 



^ Rj.^^IocRas/'^- Due 
12) A^one obtains Vp ~ 10 



In [20] a possible excitonic mechanism of superconduc- 
tivity was analyz(xi in the SPS model, while the giant EPI 
effects were not studied at all. In the presence of vibra- 
tions of the As- and Fe-ions the change of H^p"'' gives rise 

to an additional many-body EPIpoi channel with a pos- 
sible huge EPI coupling potential Vep where the EPIpoi 



Hamiltonian iJep H^ 



0,ep 



Htel) reads 



= Vep ^ ^R^,(^nRi.e + ^RpeT^Ri^ei) (4) 
RFe 

where Vep = 4V^(^ 40 eV) is very large and the di- 
mcnsionlcss phonon operator ip-^ is given by if-^ = 

[V,{n%^, + UR,, - ROi, - UR,J - VpiR°pc - R^jf/Vep 

and fiUp^ = n-Rp^j +^Rj!.ei- Here urj^^, ur^^ are the dis- 
placement operators of the Fe- and As-ions, respectively. 
For the harmonic EPI interaction one has 

1 



2^ X! n^. • (UR^3 - urpJ, (5) 

R>isen.n.RFe 



where n^s = (R^e ~ ^\s)l'^-^s-Fe- It is convenient to 

rewrite the Hubbard Hamiltonian _ffip°'-'in the rotational 
invariant form (note ^n-R^^^n-Rp^i = Hr^^ - 4S^^y3) 

^if^ = E '^R.e(^R-e - ASii^J, (6) 

Rpe 

where A = 2/3 and the spin-like operator S = c^<Tapc/2. 
The EPIpoi potential Vep in Eq.(6) is large due to: (i) the 
large value of Vp] (ii) the rapid change of Vp with the Fe- 
and As-distance dpe-As{~ 2.4 A), thus giving very large 
induced electron-phonon coupling gip°''\= Vep/dpe-As) = 
{4:Vp)/dFe-As ~ 16 eV/A. For comparison, the average 
LDA coupling constant (coming mainly from the screened 

lattice potential) is much smaller, i.e. gip^^^ < leV/A [5]. 
As it is said before, the above model can be generalized 
to the multi-orbital case. In that case there is a sum- 
mation over the orbital index in Eqs.(4,6) and there are 
terms due to the inter-orbital interaction. For instance, 
Eq.(6) reads ^if^ = VepEm,^ <^R..{^iR.e - AS^^,^^ + 
I]j^j«jRi.e"^jRi=.o/2} + Hnioc, where ij enumerates the 
orbital indices while all non-local terms mentioned above 
are stipulated in Hnioc- In the following we argue that 
the giant magneto-elastic effects in the Fe-pnictides are 
dominated by the EPIpoi effects. 

Magneto-elastic coupling effects. — If the SPS 
model is realized in the Fe-pnictides then the part of 

EPIpoi - the second term in Eqs. (4,6), is involved in 
the giant magneto- elastic effects. It will be shown be- 
low that it gives the largest contribution to them with 
the following manifestations. First, in the presence of 
the SDW magnetic order {Sq ^ 0) the Fe-pnictides 
show a tendency to increase significantly the c-lattice 
parameter (along the c-axis) in comparison to the non- 
magnetic {Sq = 0) "collapsed" tetragonal (cT) phase, i.e. 



P-3 



M.L. Kulic et al. 



LaOFcAs 




Fig. 2: Vibrations of the As-ions in A\g modes of LaOFeAs 
which produce very strong EPIpoi ■ Small displacements of the 
La-ions arc not shown. 

c{Sq ^ 0) > c{Sq = 0). Second, recent experiments 
on MFe2As2, M ~ Ca, Sr, Ba under pressure (P) show 
the orthorhombic-tetragonal (the cT-phase) transition. In 
CaFe2As2 ai P = Pc ~ OAGPa there is a transition 
from the orthorhombic phase with the finite SDW order 
Sq 7^ 0) to the non-magnetic cT-phase {Sq = 0) in which 
the superconductivity appears at Tc = 12 K [15]. This 
gives evidence for strong and unusual coupling of the lat- 
tice with the magnetic order. It is worth to mention that 
the experimental change of volume {AV/V) « 3 — 4 % 
is explained by the LDA calculations by assuming much 
larger critical pressure Pc than in experiments [24], i.e. 
pj-^^^) = 5 GPa > Pi'^'P^ « 0.4 GPa. The LDA mag- 
netic pressure is given by Pm^^^ ~ —dE^^^^^/de and 
its small value causes that pj;^^^^ ^ pjc^p)^ i\ms point- 
ing to some missing many-body effects with much larger 
magnetic pressure (Pm) - see Eq.(7) and the analysis be- 
low it. In the following we show, that EPIpoi gives very 

large contribution to Pm - we call it the potential magnetic 
(v) 

pressure Pm , thus lowering the value of Pc. 

The magneto-elastic properties of the tetragonal- 
orthorhombic Fe-pnictides are complicated since they de- 
pend on six elastic constants, on several other magneto- 
elastic constants and on the magnetic free-energy. How- 
ever, for our purpose to show that Pm'' ^ Pm^^^ a 
simplified phenomenological mean-field approach is sat- 
isfactory. For the further analysis the important ex- 
perimental fact is the decrease of the Fe— As distance 
dpe-As by 1 % in the first-order phase transition, i.e. 
Ed — {Sdpe-As / dpe-As) = 0.01. The latter lowers the 
"potential" energy U^'^ significantly which leads to the 
giant magneto-elastic effects. To estimate the effect we 
use the experimental fact that at the critical pressure Pc 



the volume is changed by 3 — 4 % [15], while is only a 
part of the total strain e(= SV/V) — Sxx + £yy + £zz, i-e. 
Ed ~ e/r with r ^ 3 — 4. According to Eqs.(4-6) one has 
U'-^'^^Sd) = U'^'"^ + Veped « ?7 + -iVpe/r (note = 4^p, 
Vp ^ 10 eV), i.e. the "potential" energy is significantly 
decreased under the pressure (for e < 0). The weak SDW 
magnetic order (with Sq ^ 0) can be qualitatively an- 
alyzed in the Hartree-Fock (or Stoner-like) approxima- 
tion with the bare spin susceptibility XoiQ) = -^(0)/(Q), 
where N{0) is the density of states at the Fermi level and 
f{Q) describes the momentum dependence of the bare spin 
susceptibility. For U^'"'\P < Pc)xoiQ) > 1 it gives fi- 
nite value for Sq. The phenomenological Gibbs energy 
G{SQ,e, P) includes: (i) the complicated elastic proper- 
ties of the lattice approximately via the effective compress- 
ibility, (m) the SDW magnetism, (Hi) the magnetostriction 
and (it;) the effects of the applied pressure P 

where a(e) = U'-^'^e) - Xo^{Q,£,T). The first term in 
G is an effective lattice elastic energy with the effective 
compressibility Ke//, while the second one is due to the 
work by the pressure P. The magnetic part of G contains 
higher order terms in Sq which are proportional to 6 and 
c since the transition may be of the first order if & < 0, 
or if 6 > for = h — Hcff{'^k + IpY /'^ < (see below), 
where b^. is the renormalized fourth-order coefficient in G. 
Note, that here we consider only effects of the homogenous 
strain on the magnetic transition in weak ferromagnets 
(Sq ^ 1) in the mean-field approximation, which can take 
place even very far from the critical temperature Tsdw In 
the following we omit the temperature effects due to the 
strain fiuctuations which are pronounced very near Tsdw 
- the Larkin-Pikin mechanism [25]. The latter may also 
lead to the first order transition due to the interaction of 
the magnetic order [25] with the share-strain fluctuations 
which is studied in [26] . For small strain £ ^ 1 one has 

a(e) « ao + (7^ + 7p)e, (8) 

where ao = [[/("'=) - Xo\Q,0,T)]. The "kinetic" energy 
contribution to the magnetic pressure is proportional to 
Ik — Xo ^(Qj 0)dlnxo(Q, £)/'^£, while the "potential" en- 
ergy contribution to 7p — Vep/r. After the minimization 
of G(SQ,e, P) (with respect to Sq and e) and for 6,. < 
the first order phase transition is realized at the critical 
pressure Pc 

Pc = ^— ^- U + ^). (9) 

hk + lp)l^eff \ 16c J 

The SDW order parameter jumps from Sq 
(3 [6^1 /4c)i/2 at P = Pc - to S'q = at P = Pc -f 0. 
In the case of the weak first order phase transition one 
has 6^g„ <C 4c which gives Pc « ao/(7fe + 7p)'«e//, as 
well as for the second order phase transition with br > 
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(where Sq = P = - 0). Note, the the "ki- 
netic" energy term 7^, in Eq. (9) is contained in the 
LDA band structure calculations [22], [23], [24], where it 
is solely responsible for the magneto-elastic effects. How- 
ever, the "potential" term 7^ which is due to the many- 
body EPIpoi effects is absent in the LDA calculations. 
This is the main reason that LDA gives too large value 
for Pc, i.e. Pi^^^) ^ 15Pi''''P^ [24], which implies that 
7p ^ 7fc(~ Ilda) is realized. Indeed, in most itinerant 
magnets one has 7^. < 2A''~-^(0) and one expects simi- 
lar value in the Pe-pnictidcs. Since Vep{^ 40 eV) is very 
large one has {^fp/jk) 10. The latter result implies much 
smaller critical pressure Pc < Pi^^-^' than the LDA pre- 
dicts. This means that the giant magneto-elastic effects in 
the Fe-pnictides are dominated by the many-body " poten- 
tial" energy effects which are contained in EPIp^i . The ex- 
perimental situation concerning the type of the phase tran- 
sition (first- or second-order) in MFe2As2, M = Ca, Sr, 
Ba is still not resolved. Namely, for Ca, Sr the case br < 
is realized while in Ba both cases 6^- > and 6^- < might 
be realized [15]. In spite of our limited phcnomcnological 
approach some semi-quantitative estimations are possible. 
For instance, one expects < 2 x 10~^ {GPa)~^ [27] 
which gives PcKeff < 10"^ and 00/(7^, + jp) < 10~^, 
ao/^p < 10"^. The latter condition is a constraint for the 
microscopic models for the SDW order parameter and the 
EPIpoi coupling. 

Possible contribution of EPIepi to pairing. — At 

present there is a confusion regarding the role of EPI in 
the superconducting pairing of the Fc-pnictides. In spite 
of numerous experiments which give appreciable evidence 
against gaplcss imconvcntional pairing and that the anti- 
ferromagnetic spin fluctuations are moderate in supercon- 
ducting samples, the proponents of the spin fluctuation 
mechanism rely their believe on the small EPI calculated 
in the LDA calculations with Agp ~ 0.2 and Tc ~ 1 if [5]. 
However, like in the case of high-temperature supercon- 
ductors (HTSC), heavy fermions and organic supercon- 
ductors, etc. the LDA calculations fail whenever many 
body effects play important role. For instance, in case of 
HTSC numerous tunnelling, transport and neutron scat- 
tering measurements point to a strong EPI, while vari- 
ous LDA calculations furnished diversity of values for Aep, 
from 0.2 — 1 - sec discussion in [28]. The situation is similar 
in Fe-pnictides where LDA cannot explain quantitatively 
even the magnetic and structural properties, let alone the 
EPI effects and superconductivity. Here, we give some 
qualitative estimate of the polarization induced EPI which 
is described by Hip"^^ in Eq.(6) and not contained in LDA. 

The strongest EPIpoi coupling is for the Aig-modes 

(there are at least two such modes) where the ^s-ions 
vibrate along the c-axis as shown in Fig. 2. These modes 
contribute mainly to the intra-band pairing. At present 
we can only estimate the intra-band {i = e, h) bare cou- 
pling constants X^p^A,, = '^^MQa^J'^a^, with g\^^ 



V^p cos^ 6 {u\g) /dp^_A^. Here, ojAig is the energy of an 
Aig-mode, Ni{0) is the (intra-band) density of states, 

w^^^^ is the average of the quadratic As-displacement, 
6 is the angle between ua and the c-axis. In the ap- 
proximation of one-phonon processes one has ^w^^^^ w 

Ti? /2MA8'^Aig where Mas is the atomic mass of the As-ion. 
For LOAi, ~ 25 meV [29] and N^{Qi) w 0.5 states/ eV ■ spin 
(note that A^e(O) - Nh{0) A^(0)) one obtains A"^^^^ « 
0.7. The estimated A^^^^^is rather large giving a hope 
that the real (renormalized) coupling Xep,Aig{< •^epAig)' 
might be also appreciable. In order to calculate X^p A^^ 
one should correctly take into account the matrix elements 
of gAig in the band-basis, screening effects, etc. Even if 
Kp,Aig ~ 0-3 this would give an appreciable total intra- 
band coupling constant Xep,Aig = 2 J2i ^ep.Aip ~ 1 thus 
contributing significantly to the effective pairing constant 
Xeff - see [13]. 

In [30] was proposed that the Fe-breathing mode may 
give appreciable EPI due to the change of the Fc-Fc hop- 
ping energy in this mode. However, the latter effects are 
not considered here. In that respect, we point out that 
the linear (in the displacement up^) contribution of the 
Fe-breathing mode to EPIpoi vanishes due to the sym- 
metry reasons - see Fig.2, but this mode gives very large 
nonlinear EPIpoi coupling (with (p-^^^ ^ ^^Fe) '^^^'^ to the 
large value of d'^Vep/dd'^p^_As - see Eq.(3). The large non- 
linear EPIpoi coupling is the strongest in the Fe-breathing 
mode and its effect on superconductivity and magneto- 
elastic properties might be also important. 

Conclusions. — We have analyzed a possibility for 
an appreciable many-body contribution to the electron- 
phonon interaction {EPI) in the Fe-pnictides, which is 
due to the electronic polarization of the As- ions in the 
presence of charge fluctuations on the Fe-ions which is pro- 
posed in [20]. In that case the polarization induced EPIpoi 
potential Vep ^ 40 eV is especially large for vibrations of 
the As-ions and depends strongly on the As-Fe distance 
dAs-Fe, i-e. Vep ~ d']^^^_p^. The corresponding EPIpoi 
coupling gf,pH= dVep/ddAs-Fe) is much larger than the 
one obtained in the LDA band structure calculations, i.e. 

g'ep » gip""^^ with gp;i{r^ le eV/A) » gii''^\< i 

eV/A). The latter may significantly contribute to the 
intra-band s-wave pairing with the bare coupling constant 
X^p Aig ~ 1) thus disfavoring any gapless unconventional 
intra-band superconductivity. As the result an appreciable 
positive As-isotope effect in the superconducting critical 
temperature is expected. The EPIpoi channel gives very 
strong nonlinear coupling in the Fe-breathing mode, which 
might be important for superconductivity and additional 
magneto-elastic effect. 

The electron-lattice coupling EPIpoi gives much larger 
contribution to the magnetic pressure than the LDA cal- 
culations predict, thus giving rise to the giant magneto- 
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elastic effects in the transition from the magnetic to the 
non-magnetic state undc;r pressure in MFe2^''^2: M = Ca, 
Sr, Ba. The critical pressure Pg for the magnetic and 
structural phase transition is dominated by the "poten- 
tial" energy contribution EPIpoi in the magnetic pressure, 
while the LDA " kinetic" energy effects are much smaller. 
EPIpoi is expected to be important in other Fe-based su- 
perconductors which contain highly electronically polariz- 
able ions such as ^e, Te, S etc. It might be operative also 
for some oxygen modes in high-temperature superconduc- 
tors due to the appreciable electronic polarizability of the 
0^~-ions. 
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